The oxidation of tetrachloro-1,4-hydroquinone by microsomes and purified cytochrome P-450b. Implications for covalent binding to protein and involvement of reactive oxygen species.
The enzymatic oxidation of tetrachloro-1,4-hydroquinone (1,4-TCHQ), resulting in covalent binding to protein of tetrachloro-1,4-benzoquinone (1,4-TCBQ), was investigated, with special attention to the involvement of cytochrome P-450 and reactive oxygen species. 1,4-TCBQ itself reacted very rapidly and extensively with protein (58% of the 10 nmol added to 2 mg of protein, in a 5-min incubation). Ascorbic acid and glutathione prevented covalent binding of 1,4-TCBQ to protein, both when added directly and when formed from 1,4-TCHQ by microsomes. In microsomal incubations as well as in a reconstituted system containing purified cytochrome P-450b, 1,4-TCHQ oxidation and subsequent protein binding was shown to be completely dependent on NADPH. The reaction was to a large extent, but not completely, dependent on oxygen (83% decrease in binding under anaerobic conditions). Inhibition of cytochrome P-450 by metyrapone, which is also known to block the P-450-mediated formation of reactive oxygen species, gave a 80% decrease in binding, while the addition of superoxide dismutase prevented 75% of the covalent binding, almost the same amount as found in anerobic incubations. A large part of the conversion of 1,4-TCHQ to 1,4-TCBQ is apparently not catalyzed by cytochrome P-450 itself, but is mediated by superoxide anion formed by this enzyme. The involvement of this radical anion is also demonstrated by microsomal incubations without NADPH but including the xantine/xantine oxidase superoxide anion generating system. These incubations resulted in a 1.6-fold binding as compared to the binding in incubations with NADPH but without xantine/xantine oxidase. 1,4-TCHQ was shown to stimulate the oxidase activity of microsomal cytochrome P-450. It is thus not unlikely that 1,4-TCHQ enhances its own microsomal oxidation.